Introduction
A consensus linkage map of Chr 11 was constructed based on several multilocus genetic crosses, and the remainder of the loci were placed on this foundation (Buchberg et al. 1991 ). This report expands on the previous consensus map ( Buchberg et al. 1991 ) and includes over 20 new loci that have been recently mapped on Chr 11. The cytogenetic characterization of mouse Chr 11 and the linkages of the human homologs of the genes mapping to mouse Chr 11 are summarized in this report. The resulting consensus linkage map is intended to be used as a guide for genetic, physical, and molecular analyses of Chr 11.
Locus list
In total, 167 loci are currently known to be assigned to mouse Chr 11 ( Table 1 The largest class of new markers consisted of microsatellites, mononucleotide repeats, and anonymous DNA sequences (Table 1 and Table 7 ). Many of the new DNA markers were positioned by use of recombinant inbred (RI) lines.
The mouse gene symbols and official gene names are given with antiquated and alternate gene names. The human gene symbol and linkage are given where known. A reference is included for the mouse and human linkages. In the interest of space, an original reference either describing the gene or its localization to mouse Chr 11 was selected for inclusion in Table 1 . Because many of the loci on Chr 11 have been mapped by several methods, interested readers are encouraged to refer to GBASE, OMIM, and the chapter on mouse-human comparative maps, which appears at the end of this issue, for additional references. Gene descriptions are provided for most of the phenotypic and biochemical markers in Green (1989) . Figure 1 shows the current consensus linkage map of mouse Chr 11. The map was originally constructed by first creating a skeleton map based on the multi-locus backcross analyses (Table 2 and Table 3 ; Buchberg et al. 1991) . No significant differences in recombination distances were observed among the several backcrosses that have loci in common. These include Back- 
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An asterisk in the column "'New" represents new mapping information for those genes (29) . Approved gene designation (in column labeled "Locus") is presented along with alternate or archaic locus designations (in column labeled "Gene name"). Recommended reference loci are indicated in the column labeled "A," with "1" indicating primary anchor and "2" indicating secondary anchor. The approximate map position of each locus relative to the centromere is given in cM in the column labeled "M," genes whose position is not known are listed at the bottom of 
-gld, and Backcross F (NFS/N x M.m. musculus) x M.m. musculus.
Loci that were mapped in a single two-point linkage analysis where gene order is not known were not placed on the map. The information for these loci is listed in the bottom right of Fig. 1 , including the gene name and distance from the known gene. Loci that were placed on Chr 11 only by analysis of recombinant inbred (RI) strains were included on the map, but in some cases gene order and distances are ambiguous. We encourage evaluation of the primary RI strain data included in Table 4 .
The results of this compilation of data is shown in Fig. 1 as a linear map. An important note is that this map should be used as a guide for gene localization. Gene order is known with certainty only for those loci mapped in the same cross ( Table 2 ).
Genes that have been localized by in situ hybridization (Table 5 ) are noted to the left of the chromosome with the regional localization in parentheses. The genes localized to mouse Chr 11 solely by in situ hybridization (Table 5) Table 2 and Table 3 contain the data derived from multilocus (three or more genes) crosses involving markers on mouse Chr 11. None of the multi-locus crosses present conflicting gene orders for loci mapped in common. A total of 88 loci have been mapped in the multi-locus crosses (Table 2) , spanning 80 cM (the predicted length of Chr 11). Each column in this table (Table 2 ) represents a single cross involving three or more markers. The dots within the column denote the loci that were mapped in the cross. The shaded areas identify loci that were inseparable in the given cross. Some loci that were not separable in backcrosses were separated by recombination in the analysis of independent crosses or RI lines, permitting determination of gene order. Table 3 lists the experimentally determined map distance (-+standard error) that was obtained in each of the multi-locus crosses. The utility of presenting the information in Table 2 is that it simplifies determining which genes have been mapped with respect to each other, hence allowing for identification of which loci are ordered unambiguously. lb underlined have also been localized to human chromosomes; their locations on human chromosomes are shown to the right of the chromosome (Table 1) . Below the chromosome are those loci mapping to Chr 11 by somatic cell hybrid analysis or in situ hybridization methods; their cytogenetic and human locations are shown. Genes in the lower right corner have been mapped to Chr 11, but location could not be determined. Loci that are boxed represent anchor loci ( 
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The data presented in Tables 2 and 3 represent the basis of the linkage map (Fig. 1) . Order for closely linked genes that have not yet been mapped with respect to each other was inferred on the basis of recombination distances. The presentation of a consensus linkage map is valuable and provides a basis for critical analysis of ambiguous areas. Unless genes are mapped relative to each other, inaccuracies may remain in the consensus map. These ambiguities can be minimized if more common anchor loci are utilized in the different crosses. (II-4, II-5 ), suggesting the gene order displayed on the consensus map.
RI strain data

Cytogenetics
Genes that have been cytogenetically localized to Chr 11 are listed in Table 5 . The physical locations reported for these genes (Table 5) are consistent with their relative order in the consensus linkage map (Fig. 1) .
The known chromosomal variants involving Chr 11 are listed in Table 6 along with the breakpoint regions. The chromosomal variants include inversions, translocations, and Robertsonian fusions. As the breakpoints become better defined relative to molecular markers, it may be possible to utilize some of these chromosomal variants to gain access to different regions of the chromosome.
Comparative maps
Mouse Chr 11 contains at least seven homology segments, including genes whose human homologs map to human Chrs 2, 4, 5, 7, 16, 17, and 22 . Table 1 lists the locus designations and chromosomal locations of the human homologs of the corresponding mouse loci. This information is also shown in Fig. 1 , facilitating the identification of regions of synteny conservation. The two most extensive regions of conserved synteny include the medial region of mouse Chr 11, which exhibits synteny conservation with human Chr 5q23-q34, and the distal half of mouse Chr 11, which displays synteny conservation with human Chr 17. To date, all of the genes that have been unambiguously localized to either the p or q arms of human Chr 17, when mapped in the mouse, have been assigned to mouse Chr 11 (Munke and ). The localization of several new genes and genes that had previously been simply assigned to Chr 11 has augmented these evolutionary relationships and strengthened the suggestion of a region of synteny conservation including the most proximal region of mouse Chr 11 and human Chr 22ql 1-qter. Synteny conservation between mouse and humans was used successfully in the previous chromosome report to predict the localization of genes such as Lif, Nfh, Glut-4, Syb-2, and Tk-1, which were assigned to mouse Chr 11 by somatic cell hybrid analysis or in situ hybridization (Buchberg et al. 1991) . 
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Microsatellite markers
Polymorphisms detectable by the polymerase chain reaction (PCR) have several advantages over restriction fragment length polymorphisms (RFLPs) detected by Southern blot analyses in that less DNA is consumed, samples can be typed rapidly, and probes can be readily exchanged by publishing oligonucleotide primer sequences, In addition, microsatellites such as mono-and dinucleotide repeat sequences tend to exhibit more polymorphisms among closely related strains than do restriction fragments. Table 7 presents a summary of the oligonucleotide primer sequences that have been used to identify loci on Chr 11. For some loci there are several primer pairs available; not all of these have been tested in a wide variety of strains, but it is evident that some are more informative than others.
Reference mapping loci
To aid in incorporating new mapping information into the existing consensus map, a set of reference loci were suggested for use (Buchberg et al. 1991) . The characteristics of these reference loci include: spacing every 5-15 cM, ease of use, universal availability, and useful polymorphisms. The original set of reference loci proposed by the Chr 11 mapping committee has been expanded as follows, with the estimated distance (cM) between neighboring markers:
The underlined loci are primary anchors and have been confirmed in independent crosses (Buchberg et al. 1991) . The newly proposed reference loci have not been mapped relative to one another in multilocus crosses; therefore, they are listed as secondary anchors. Nonetheless, this set of 12 loci spans 76 cM of the 80 cM of Chr 11, providing complete coverage of Chr 11. The community is encouraged to incorporate the use of these loci as markers in their genetic mapping experiments.
DNA probes corresponding to these genes have been requested to be deposited in ATCC. Polymorphisms can be detected by PCR for nine of the anchors: Lif, Glns, Csfgm, Acrb, DllMitS, Mpo, Hox-2, and Gfap (Table 7) . Ideally, it will be possible to type each reference locus with a probe that is informative in both intraspecific as well as interspecific backcrosses by both conventional Southern blotting and PCR analysis.
Conclusions
Part of the objective of this report is to provide a mechanism for routine review of the mapping data that have been published and to generate a consensus map that corrects errors and omissions in previous reports. We apologize for any references or data that may have been excluded in this report, We welcome the receipt of additional information and suggestions concerning the consensus linkage map. We appreciate authors' sending us reprints of new papers that report the mapping of genes to mouse Chr 11. 
